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New Coaxial Couplers for Reflectometers, 
Detection, and Monitoring 

Coaxial couplers with flattened response and high directivity 
facilitate swept-type measurements of several kinds. 



.Accurate reflectometer measurements in C0- 
axial systems were made practical by the develop- 
ment of suitable directional couplers at Hewlett- 
Packard ten years ago. 1 Not only were these 
couplers useful in reflectometer applications he- 
cause of their octave frequency response and high 
directivity, but their accurate coupling and low 
SWR made them attractive for other applications 
aa well, such as for accurate attenuation or as 
take-offs for frequency and power monitoring. 
Three new series of coaxial couplers, all with 



better directivity and flatter frequency response, 
have now been developed at -hp- to meet the 
needs of a variety of applications, including re- 
flect ometers, power and frequency monitoring. 
and detection. One type is a high-directivity 
coupler with a frequency response that is con- 
stant within - 0.3 dh over an octave band of 
frequencies. The second type, more appropriately 
known as a directional detector, is a combination 

J K. Hunton, H. C. Poulter, rj. S fteis, J, Higti Mffctftitl Coamsl Couptefs 
and Ref lactometers/ Hew! ttt-Ptt Hard Journal. Vol 7. No, 2. Oct, 1955, 




Fig. L Flat frequency response of new —hp- Direct irmtil (\>u piers 
and Detectors is especially advantageous in closed -loop power- 
let cling systems, such as in the swept- frequency evaluation of 
coaxial filter frequency response being made here by -hp- 
engineers Larry Renihan (left) and Auber Ryais. Directional he 
tec tor, which supplies error signal for auto ma fie leveling loop, 
senses RF power right at point of measurement. 
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Fig. % Coaxial Directional Coupler -fop- Model 
79$D $ shown at left and in schematic farm above, 
has high directivity, insertion loss of onlx about 
, and SWH nf /,/) throughout range of 960 to 
QUO Mc Mod*'! 797D is for frequency range of 
mm to 4100 Mc and 798C is for S.7 to S3 (i< 



ol the new directional coupler and 
a diode detcctoi elemem ili.tr is 
mounted directly mi the coupler 
arm, as shown in Fig. 1, The com- 
bination of detector and coupler hi 
one package improves accuracj in 
closed-loop power leveling set-ups 
b) eliminating the ambiguities thai 
exist when a connector intervenes 
Ij< I wei n delet lor and « OUpIei . 

I lie third new coupler is a dual 
directional-coupler, combining two 
directional couplers back-to-back in 
a single package lor rcfleetometei 
applications. Phis arrangement is 
one thai also eliminates some con- 
nectoi mismatches b\ combining 
the couplers in one package, in ad- 
dition, the dual direi tional i ouplers 
have high directivity, 41 in db in 
i host units which cover the 215 lo 
1900 Mi portion of the spectrum 
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COUPLING - -20 log E 3 /Ei 

OUTPUT COUPLING —20 log E 3 /E? 

DIRECTIVITY =-20 log EWE i 



and l M) db in those thai are for I9Q0 
to IIKH) M{. J he high directivity re- 
duces SWR errors to very low levels 
in reflectometer measurements, 
DIRECTIONAL COUPLER 

The new directional couplers 
(Fig. 2) arc useful foi monitoring 
microwave power, particuJarh in 
power-leveling . 1 1 j f ^ i i c adorn where it 
maj be desired to use either a ther- 
mistor or barretter connected to the 
auxiliary ami. 

When tnouiioi iu^ power in swept- 
hetjiit in v applli alions, die most sig 
nifieaut soune ol erro/s is usualh 
the Frequency response ol the con- 
pier. Although the finite directivity 
ol the coupler ma) contribute othei 



# Defined as the ratio of patter in the auxiliary arm 1 
with input power applies in the forward direction, tr. 
the power in the auxiliary arm when The sarre input 
power ii applied in the reverse direction (see Fir 41. 



Fig. 3, Output coupling 

(ratio of fpru ard power 
out of main and auxil- 
iary arms) of 7971) Di- 
rectional Coupler is 

— , — u ithin ±0.2 dh o/ mean 
coupling across octave 
hand of frequencies. 

Fig. 4. Definitions of 
coupling, output cou- 
pling, and directivity. E> 
is input voltage, K is 
voltage out of main arm, 
and E is voltage out of 
auxiliary arm. K \ anil 
E are voltages out of 
i n p u t a n d a u X ilia ry 
arms respectively with 
voltage E-. applied in rc- 
(Er) verse direction to main 
arm output. In all speci- 
fications, matched foods 
ore eons id end to be 
connected to outputs. 
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error?, these assume negligible pro- 
portions foi moderate standing- 
wave ratios ii the directivity of the 

< on pier is high. 

Errors are ihus reiluieil by (he- 
wn Mai frequency response ol the 
tiew -hp- Directional Couplers* The 
couplei design holds frequency re- 
sponse variations to Less than ±0,3 
db ovei more than an octave band 
by dh Moo nl the coupling aim into 
twocoupling elements in &ei ies. I he 
elements have different coupling 
values so thai ilie power coupling 

< in ve has the form: 

k.siir (JJ\) + k r «m* (2#1), 
where /il pertains to tin electrical 
length ol the elements, B5 manipula- 
tion ol k, and k 2 , related to die cou- 
pling of the individual elements, die 
coupling curve has been shaped into 
an equal ripple function in the de> 
sired hand, as shown in Fig, 3. Phis 
i tirve, mi i dent ally, represents the 
out/nit coupling (ratio ol output 
power to power in the auxiliary 
arm) rather than the more com- 
monl) specified coupling faciei (ra- 
tio *A in] an powei to power in the 
auxiliary arm) . Output coupling u 
lates the power sensed at the aux- 
iliary output directly to the actual 
powei delivered to the system-, as 
defined in Fig* 4. 

1 he new directional couplers are 
especially useful a> take-ofh for 
powei or frequency nioniioi lug in 
R I i) stcniv I hev < an tolerate input 
powers up to 50 w CW. Fig, 5 shows 
one application in which the cou- 
pler serves a double purposi 
power monitor take-ofl and as a 2i>- 
db attenuator for sensitivity nieas- 
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urcments. The couplers can func- 
tion cither with crystal detectors or 
with powct measuring equipment, 
mi< h as the -hp- Mode! £78 \ Co 
.1 x LtJ Thermistoi Mount and Model 
131 B Power Meter. 

DIRECTIONAL DETECTOR 

I Tie new Directional Detectors 
are directional couplers with diode 
detectors installed direct!) on the 

* oupler arms (Fig, 7)« Noi only does 
this arrangement remove die am 
btguities thai arise when there i^ a 
connectoi between coupler and de- 
tector, bin it also allows the two 
elements to be tested and specified 

as a unit. 

The detector element in the Di- 
re* tiunal Dete< tors is the same semi- 
i ondu< tor diode assembly devel 
op 'I for the exceptionally Rat -hp~ 
Model 12M Crystal Detectors.* 
\s shown in Fig, 6, the combination 
ol coupler and htnadhand dete< tui 
in one unit achieves very good Fre- 
quency response* 

1 hree ol the Directional Dele* 
tors use the same coaxial configura- 
tion as the new Directional Cou- 
plers, The X band Directional 
Detectors, however, are hybrid de- 
vi< es that use .i double-sta< ked 
compensated waveguide coupler 

* Russell 1 B. Rile*, "A New Coaxial Crystal Detector 
wiih F<t«mely Fist Frequency Response. " Hewlett - 
Packartf Journal. Vol. 15. Ho % t Nov , L%3 

i Lawrence Re niton and Robert Pricker 

guide Cmtol Detects w»th Hat Resporse," Hewlett- 

Pjchard Journal, ths iJfioe, 



Pig- 5, Receiver sensi tic 
tt \ mutism rements list's 
-ftp- Model 796IJ Di- 
rectional Coupler to at- 
tenuate RF power 2(1 db 
below level indicated by 
power meter connected 
to main output. 
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Fig. f>> Frequency re- 
sponse of typical 787 D 
Directional Detector. 
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FREQUENCY 



to obtain fiat coupler response 
throughout \ hand (Fig, 12). One 

tjj the X hand deiei u>t^ is foi use in 

coaxial systems and has transition 
sections that match the waveguide 
sections to coaxial connectors at 
both ends. The other one has a 
coaxial input hut uses a waveguide 
rover flange for the output eon nee 
tor. This configuration i* useful 
when a monitor is required lor a 
waveguide system driven h\ £ \ signal 
sour< r w ith i oaxial ouiput, 

POWER LEVELING 
A Directional Detectoi can sferve 
as a power take-ofl foj leveling the 

OUtpUl Ol a sweep O S4 il!.H»i| . as dins 

trated by the application shown in 
1 ig. 8, This use o! a detector exter- 
nal to the sweep oscillator makes it 
possible i" maintain i misiant powei 



ai some selected point in the exter- 
nal system, ir^udless n[ the char- 
acteristics ol cables, Minuet tors, or 
othei devices bei w en the RJ soun c 
and the Directional Detector. 

11 the device ai the output ol the 
coupler is pomh matched, the flat- 
ness of leveling is influenced by the 
coupler directivity. For instance, a 
terminating impedance thai has ^t\ 
SVVR of L5 has 14 i\\i return loss 
(ratio of incident u» reflected pow 
rii and this is added to the direc- 
tivity ol the Directional Detectoi 
to obtain the ratio ol forward to 
reflet ted power in the auxiliary arm. 
If a Model 786D Directional Detec- 
toi were used, For example, the 3(* 
db directivity ol this device would 
hi tng the total to -* N db ratio i 1 
nn idem to reflei ted power in the 
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Fi^. 7, Model 786 D Directional Detector and equivalent schematic. Diode 

detector U in ^'tdrtl capsule easily replaced without special tools. 
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Fig. 8. Meosurenu •nt set-up for supplying power m swept Fig. & lleflcctometcr system using -h(>- Model 7761) Dual 

frequency measurements. Model TSfil) Directional Detect**} Directional Coupler. Forward auxiliary arm monitors RF 

senses /?/' voltage level and supplies corresponding dc volt- level and supplies feedbock signal to level sweep generator, 

age to ALC input f)f sweep generator. Even with a load Reverse auxiliary firm monitors reflected RF and supplies 

SWR o\ 2, power variations at main arm output of detector vertical signal for scope Scope is calibrated for SWR hy 

are less than - O.ij db. use of zero (short) or infinite (open) impedance loads 

(for deta Us , see -h p^ A pp fit a tion Note 81). 



auxiliary arm. This results in an cr 
tot "l onl) 62 1 , in the voltage -if 
the load. Thus, high dire* ti\ in in ;■ 
couplei or Aha tipnaJ dete< uo is im 
porta nl Im measuremeni accuracy. 

REFLECTOMETERS 

A coaxial reflect ometei system 
using one <>f t lio new Dual I 1 
tionaJ < louplers is shown in Fig. 9. 
In refieciometer systems, i\u- source 
ui i\w most sienificani errors is tliu 



Finite directivity o\ the couplers, 
rather 1 1 1 m r i the frequency response. 
Since hmli forward and reverse arms 
ol ihr now Dual Directional Cou- 
plers have identical coupling varia- 
tions with respect to Frequency, the 
variations are self-cancelling .iml do 
run affect the VSWR reading The 
frequency response ol the Forward 
coupler, which i^ in the automatic 
leveling loop, causes \\w power vs. 



Frequency characteristic ol the main 
line to be u pre*eraphasized* 1 ilius 
compensating Eoi the Erecjuencj re- 
sponse pi the reverse coupler. 

The directivity required t<> pre 
vent addition of significant amounts 
ol forward power i«> the reflected 
signals in the reverse coupler, l<n 
various values ol SWR. is shovi a in 
[able I I he directivit) oi the new 
Models 77 1 1) through 776D is (0 



SPECIFICATIONS 



-hp- 

MODELS 7960, 797D, 798C 
DIRECTIONAL COUPLERS 





796D 


797D 


79SC 


FREQUENCY RANGE: 


96 

2 11 Gc 


19 
4 1 Gc 


3.7- 
8.3 Gc 


MEAN OUTPUT 
COUPLING: 


20 db 
-0,5 db 


20 db 

^0,5 db 


lOdb 

-03 db 


OUTPUT COUPLING 
VARIATION:: 


± 0.2 db 


^:0.2db 


^0.3 db 


DIRECTIVITY;? 


30 db 


26 db 


20 db 


MAX. PRIMARY 
LINE SWR:' 


1 15 


1.15 


1.20 


MAX. SECONDARY 
LINE SWR:' 


1.20 


1.25 


1.20 


PRIMARY LINE 
INSERTION LOSS 
including Joss due to 
coupling): 

EQUIVALENT SOURCE 

MATCH: 

PRICE: 


Appro*. 

0-25 db 

1.13 
$200-00 


Appro*. 
0.35 db 

1.16 
$200.00 


Approx. 

0,6 db 

1.25 
$225.00 



ALL UNITS: 

MAX. INPUT: 50 watts. 

PRIMARY LINE CONNECTORS: 4 Precision Type N connectors, one 

male fmputl, one female 
SECONDARY LINE CONNECTORS:* Precisrtm Type N connector 
female 

Difference tn db between power out of maim and secondary arms 
: Swept-frequency tested 

Source match: Apparent SWf? at the output of an RF generating 
system, such as the output of a directional coupJer used m a 
closed loop leveling system 

* Other combinations of male and female connectors available on 
request. 

Prices f.o.b. factory 
Data subject to change without notice. 



-hp- 

MODELS 774D, 775D, 776D, 777D 

DUAL DIRECTIONAL COUPLERS 



FREQUENCY RANGE: 



774D 

450 Mc 



MINIMUM DIRECTIVITY:' -<- 

MAX, COUPLING 
VARIATION: ■<- 

(50-ohm terminations) 

AUXILIARY ARM 
TRACKING- 



MAX, PRIMARY 
LINE SWR: 1 

(50 ohm terminations] 

MAX AUXILIARY 

ARM SWR: 

'50-ohm terminations' 

PRIMARY LINE 
INSERTION LOSS: 



775D 

450 
940 Mc 

40 db 



776D 777D 

94 • 19- 

1.9Gc 4,0 Gc 

V 

*~ 4db 



1,15 



1.20 



10.3 db 05db 
>* 1,2 



1.25 



PRICE: 



Appro*. Approx, 
0.25 db 6 db 

$200.00 $200.00 $20000 S250 00 



Approx. 
15db 



Approx 
20 db 



ALL UNITS: 

COUPLING ATTENUATION leach secondary arm); 20 db 

ACCURARY OF COUPLING (each secondary arm): Mean coupling 

level withm 0.5 db of specified values. 
POWER HANDLING CAPACITY: 50 watts ave , 10 kw peak. 
PRIMARY LINE CONNECTORS: Precision Type N connectors, one 

male anti one female 
AUXILIARY ARM CONNECTORS: Precision Type N female connec 

tors 
ACCESSORIES AVAILABLE: -hp~ 11511 A Type N Female Shorting 

lack, $4.00 -hp- 11512A Type N Male Shorting Plug, S4.50 ffgf 

reflectometer calibrations, 

Measured with HP 906A Sliding Termination or K01 770D Line 
Length Set 

- Maximum change in the coupling curve of one auxiliary arm rela 
live to the other. 
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Fig, 10, Family of new -hp- Dual Directional Couplers 
and schematic diagram (below). From top to hot torn, 
they are: Model* 774D (215-450 Mc) t 775 D (450-940 
Mc), 776D (940-1900 Mc) and 777 D (1900-4000 Me), 



dh, a directivit) thai results in SWR 
ambiguities "i ofil) L02 and that 
piuvides an accuracy in reftectom 
eter applications approaching thai 
obtained with time-consuming, 
point-by-point slutted line measure- 
ments* Directivit) <>[ the higher fre- 
quency Mode] 7771) is 30 db, re- 
sulting in SWR ambiguities ul less 
than 1.06. 

The [\\'> couplers in tin Dual 



Dir© tionaJ Couplers (Fig. 10) aire 
made up oJ single elements 1<»i high? 
est possible directivit) and For re- 
duction ol transition discontinuities 
in a minimum, I he coupling curve 

TABLE I. COUPLER D! RECTI VITY REQUIRED 
FOR MEASURING A GIVEN SWR 
Coupler 

SWR Directivity 

Measured required 

>110 >30DS 

>1.05 >35DB 

>1.03 JDB 



Fig. 11. Directivity of typical -hp- Model 77GD Dual 
Directional Coupler 



ol a single element is oJ the form 
k sin /JI, s'i thai the coupling varies 
aboul 1.3 lib .ii ross an (M tave band. 
The coupling variations "[ both 
ai ros ol 1 1n new itn.il direi i tonal 
coupler, ol course, are self-cancel- 
ting in reflectometei applications. 

MECHANICAL CONSIDERATIONS 
All three types <>i couplers .tic 
housed in rigid, <<ist aluminum bod- 
except J - j i the hybrid waveguide 
types). I he pre* ision type-N con- 
ned toi s are >>l stainless steel for max- 
imum wear resistance in applica- 
tions requiring frequent connect- 
disconne< t < \* If* 

{Continued on Page 8) 



SPECIFICATIONS 




ALL UNITS: 




~hp- 








DETECTOR OUTPUT IMPEDANCE: 15k ohms max. shunted by 










approx. 10 pf. 


MODELS X781A 


786D, 7870, 78AC 


ond 789C 


NOISE: 20Q*¥ pk to pk with CW power applied to produce 100 mv 


DIRECTIONAL 


DETECTORS 






output 












DETECTOR OUTPUT POLARITY: Negative 




786D 


7870 


788 C 


X7B1A/789C 


DETECTOR OUTPUT CON ECTOR: &HC female, 


FREQUENCY RANGE: 


0,96 
2.11 Gc 


1.9 
4.1 Gc 


3.7 
H.3 Gc 


B 
12.4 Gc 


RF CONNECTORS: 

X781A — Precision Type N female ■ input i, precision cover flange 


FREQUENCY 
RESPONSE: I 
DIRECTIVITY: 


± 0.2 db 
30 db 


±0.2 db 
26 db 


±0,3 db 
20 lib 


± 5 db 
17 db 


fits 1 x *4 in waveguide El A WR90 (output J 

7860, 787D, 7B8D — Precision Type N* one mate (input), one 

female. 


SWR: 


1,15' 


I 15 


1.20 


X781A 1 25 
789C 1 4 


7S9C — Precision Type N female (both connectors) 


EQUIVALENT SOURCE 










OPTIONS: 


MATCH: 


1 13 


1 16 


1 75 


X781A: 1.07 
78fC 


02. Furnished with load resistor for optimum square law char 
actenstics a? 24'C f7S*F), < 0.5 db variation from 


MAXIMUM INPUT: 


10 watts 


10 watts 


1 watt 


1 watt 


square law from low level up to 50 mv peak output (work- 


ipeak or average) 










ing into externa] load >75k); sensitivity typically > 1 pvf 


INSERTION LOSS: 
{including coupling loss) 


Appro* 
0.25 db 


Appro*. 
0,35 db 


ApprOx 
6 db 


Appro*. 
7db 


pw cw <78&D r 787D. > 10 *jv/uW cw 788C:. >5 pvffiW Cw 
fX7BlA t 789C); add 120 00. 


SENSITIVITY 










03- Posittve polarity detector output no additional charge 


LOW LEVEL: 










Swept frequency tested 


(per fiw cw) 


>4 ttv 


>4 uv 


>40 uv 


>20 w 


- As read on a 416 Ratio Meter or 415 SWR Meter calibrated for 


HIGH LEVEL: 


35 mw 


35 mw 


3.5 mw 


7 mw 


square-law detectors. 


input to produce at least 










Source match: apparent SWR at the output of an RF generating 


100 mv output) 










system, such as the output of a directional detector in a closed- 


PRICE: 


1300.00 


J300.00 


$325.00 


S350O0 
Prices Ijo 


loop leveling system, 
fa factory 








Dat 


a subject to change without notice 
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NEW WAVEGUIDE CRYSTAL DETECTORS 
WITH FLAT RESPONSE 



\J ntil recently, accuracy in List. 
repetitive microwave swept fre- 
quency measurements was limited 
by the frequency response ol avail- 
able crystal detectors. Frequency re- 
sponse variations of ±1^ db across a 
Waveguide band oi frequencies were 
typfc a] "I the besi « j \ ^i;* I deta tors 
formerly available. 

Now. a new series oi waveguide 
crystal detectors pn>^jilr> ;j lie 
queni 5 response that is better than 
2dbupto iu(;< arid zt OJklbup 
to 18 Gc. High accurac) is now pos- 
sible in last, swepfc-frequenc) meas- 
urements that use osi rilloscope dis- 
play, allowing transmission-loss and 
s\\ R in be read directly bom the 
oscilloscope graticule.* With such 

measurement set U p$ i 1 1 Mills not 
only are at (urate bui the) also are 
Fast , enabling on-the*spoi evaluai u m 
<>l component adjustments. 

Frequency response \:uiations in 
the ne^ crystal detectors, die -hp- 
12 I Series, are less ihan ±11.2 db 
<io'isv each waveguide band up to 
lOGr. \omss X band (&2-12.4 < ■■ 
the frequency response variations 
are less ihan ±0.3 db and across M 
and I* baud (10-18 & >, less than 
±0.5 db. In addition, the response 
oi any two of the new detectors ^ 
so riearl) identical thai selection Eoa 
matched pairs ordinarily is not nec- 
essary, although matched pairs can 
be selected for the most exacting 
applic ations. 

The llai Jrequenet response is 
,dso advantageous in peak and rela- 
tive powei measurements ami for 
systems using i losed^loop power Lev- 
eling. Furthermore, die new detec- 
tors have improved square law char* 
a< 1 eristics which, along with the flat 
frequent) response, assures aei urate 
measurements throughout the band 
in reflei tometer applications. 

* Approbate scales that can tot affiled directly to 
the CRT are supplied *itn Newktt-PacKinl Application 
Watt, No, 61, "leveled Swept- Frequency Measurement* 
wit ft Oscilfpstoee Display.' 1 
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Fig. 1. Set-up for swept frequency meet$ure.ments m waveguide achieves 
flat frequency response with new crystal detectors. Tandem couplers in 

automatic leveling (AL(') loop assure leveling accuracy commensurate 
with response of new detectors. Letters on diagram refer to correspond- 
ing t tares m Fig. 3. 



SWEPT FREQUENCY MEASUREMENTS 

Frequent ) response as rial as dial 
achieved bj the new crystal detec- 
tors means thai other sources "I 
error in measurement set-ups ;*>- 
sum? increased importance. The 
dominant source o\ errors now be- 
comes the inevhable frequenc) re- 



sponse of the waveguide couplers* 
and this can be compensated For by 
appropriate arangement ol the con 
piers. One such arrangement is 
shown in Vig. I. Here, die frequency 
response ol the 5Mb coupler's main 
arm is the inverse ol the auxiliary 
aim. as shown In curves 'V arid 






Fig. 2. Typical fre- 
quency response of new 
-hp- Model X424A 
\\ tweguide i >> stai De- 
tors. 



r. 



Fijj 3. Net frequency 
response (cure*- "o ) 
two directional couplers 
in tandem, as in Fig. 2. 
varies less than ^02 db 
by mutual compensation 
of frequency response 
curves. 




Main Arm - - 
3 



(d) 2 
Auxiliary — 

Arm 



Tandem Couplers 



10DB Coupler 
(Auxiliary Arm) 



3DB Coupler 



10 4 13 4 12 4 



FREQUENCY (Gc) 
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I u i Si fiea of seven detectors nuttckes waveguide sizes from S thnut^h 

P hands Diode element* are in sealed capsules, easily replaced without 

special tools or soldering, 



\[ i , i ! '.. ' 'L- couplet tliu*> 

i r>m pen sates Foi the foequew j re 
spiinsc o) the 10-db couplei and 
power variations are thereby held 
M i within a Few tenths oi a db across 
the band. 

Mismatch errors arc minimized 
by use <«| the new detector with 
high-quality couplers. An-hp- 7 r >-( ! 
Coupler with .1 i_l\ Detectoi pre 



suits .1 SWR fit unl\ t .05 in the 

main guide. 

DIODE DETECTORS 

The M;ti response ol the new wave- 
guide detectors is achieved prinaar- 
i\\ through use *»t an -hp- devel- 
oped diode, the same tun used in 
the new (]<»ji\i*il Crystal Detectors' 

Russefll B, Riley, "A New Coaxial Crystal Detector with 
Fit redely Flat Frequency Response," Hewlett -Packard 
Journal. Vol IS, No. 3. Hov. 1961 



B>-4 



i 



ft 




Optional load resistor U matched 
to individual de tee tors for square law 
conformance within OM db from tou 
level up to §0 mv peak output (at 
24 ( "> Sensitu ity of detectot u iih hmfl 
n BtStor is typically 0.1 mvjinv. 

and in the new -hp- Directional 
Detectors- 3 The diode presents ;■ 
broadband impedance match to a 
. 1 1 line h\ means ol » 50-ohm 
resistive him <*n the outside sui 
of the diode cartridge. The point- 
i -in I- 1 ret tifying juni lion is ihus 
physii all) t lose r-> the tei initiating 
resistor and it appears to the coaxial 
line as a high impedam - shunting 
i he resistoj \ 1 1 stnsii ion se< i ■ * - 1 1 
mac* lies i lie coaxial se< timi in wave 
guide; the resulting SWR i^ less 
i lun [,35 in S through X bands, and 
U-ns lhaii I '► in M and V hinds 

Low uiuput resistance arid low 
t apac it :i iic e c oinbine in givi tl 
lectors good pulse characteristics. 
I Ire det-o tors therefore are uselul 

(Conlinued on Page 8) 



J Robert Pricfcett. "New Coaxal Couplers tor Reflectom- 
tters. Detection and M onto ring." Hewlett-Pack jrd 
JtWMl, This issue. 



SPECIFICATIONS 
-hp- MODIL 424A WAVEGUIDE CRYSTAL DETECTORS 



Model 


Frequency 
(GO 


Freq. 

Resp. ' 

(db) 


Sens 

(into 
Low Level 
(mv dc 


itivity 
> 7510 
High 

level t 
<mw) 


Max. 

SWR 


Fits Waveguid 
Norn. OD (in,) 


e Size 
(E1A) 


Equivalent 
Range 


Price 


5424A 


2 6 3.95 


±0.2 


>0 4 


< 0,35 


1 35 


3 * 


WR 284 


UG53/U 


1175.00 


G424A 


3,95 


585 


* 02 


>0.4 


<035 


1.35 


2 x 1 


WR 187 


UG 149A/U 


16500 


J 424 A 


5 3 


ft;2 


- 02 


>Q.A 


<0,35 


1 35 




WR 13? 


LKi-344 l J 


165.00 


H424A 


7,05 


10.0 


• 02 


>04 


- 0.35 


1 35 


IVa x % 


WR 112 


UG 51 /U 


155,00 


X424A 


SO 


12 4 


♦ 03 


>0.4 


<0.35 


1.35 


1 X 


WR90 


UG-39/U 


13500 


M424A 


100 


15.0 


- 5 


>0.3 




1,5 


0.850 x 475 


WR75 


Coyer Flange 


250 00 


P424A 


12.4 


180 


- 5 






LS 


0.702 x 0,391 


WR62 


UG419/U 


175 00 



FOR ALL MODELS: 

OUTPUT IMPEDANCE: IS* max. shunted by approximately 10 pf. 

DETECTOR ELEMENT: Supplied 

MAXIMUM INPUT: 100 mw. peak or average. 

NOISE: - 200 ^v pk<pk. with cw power apphed to produce 100 mv 

Output. 

OUTPUT POLARITY: Negative 

OUTPUT CONNECTOR: BNC female. 

■ As read on a 415 Ratio or 415 SWR Meter calibrated for square law detectors. 



OPTIONS; 

01, Matched pair Frequency response characteristics tex 

of basic sensitivityj track within : 0,2 db far $ , S-, J , and 
H band units, ±0.3 db for X band units, and ! 5 db for 
M and P band units Add $20,00 per unit 

Furnished wfth matched load resistor for optimum square 
Jaw characteristics at 24'C <75*R, 0.5 db variation 

from square law from low level up to 50 mv peak output 
working into eaternat load >75k. Sensitivity typically 
> 1 mv/jiw when load resistor is used. Add $20,00. 
Positive polarrty output No additional charge. 

t Input required to produce 100 mv output. 



02 



03. 



Prices f,o,b. factory 
Data subject to change without notice 
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NEW COAXIAL COUPLERS 

(Continued from Page 5) 



DESIGN LEADERS 




Fig. 12. Directional Detectors for X- 
band consist of three wcifeguidi 
tiorts with coupling holes between hath 
interfaces* Coupling to hot torn ft 

(I ruins" enough energy to flatten fre 

quency response of directional coupler 

formed by top and center sections. 

ACKNOWLEDGMENTS 
Ninth oJ the (Irvelnjimcitl work 
on the Directional Coupler and I)i- 
tectional Detectors w.is performed 
i>\ \\i\tr\ Etyafsand I awem e l<« m 
h«m. Also, Richard Harmon con. 
itibutctl to the development oJ the 
Dual Dii ei i iona] ( Couplers, 

-Robert Prickett 



WAVEGUIDE DETECTORS 

(Continued from Page 7) 

ioi- peak power measurements on 
short Rl ; pulses, using -t sensitive 
oscilloscope u> read thedetei toi out- 
put 

Deie< tor sensitivity is greater ih;m 
0.4 niv tit pei microwatt oJ c;\V 
in j Hit power (0..1 mv mv in M and 
P bands), a three times improve- 
rnr ji[ <iv<-i previous wavejgnide crys- 
tal detectors. Uniforoi square-la^ 
response is maintained up to an in- 
put powei level ol 20 dbm (5 im 
out). With sonic sacrifice in sensi- 
tivity, square-law response can be 
obtained ovei % much wider dy- 
n.tmu range, up to 50 mv peat 
put, bj use '»i an optional man hed 
video It Kid (Fig. 5J. 

rhese new detectors represent an 
advance in the state ol the an of 
broadband instrumentation and 
bring new simplicity and accuracy 
h> many microwave measmrnu-nts, 
— Robert Prieketi and 
Lawrence Rtnilaui 




Robert J. Prickett 

Bob Prickett Joined -hp- in 1957 
as an R and D Engineer and since 
that time has been concerned with 
the design of a number of -hp- 
waveguide components, including the 
422 K- and R-band Crystal Detectors, 
the 487 Thermistor Mounts, the 362 
Filters, the 752 Couplers, and the 
93SA and 940A Frequency Dou biers 
He has been Project Supervisor for 
the new waveguide Detectors and the 
new Coaxial Couplers and Directional 
Detectors. 

Bob holds a BE degree from Van- 
derbilt University and both an EE 
and MSEE degree from MIT. He is a 
member of the IEEE and currently is 
chairman of the San Francisco chap- 
ter of the JEEE Group on Microwave 
Theory and Techniques. 



Lawrence Renihan 



Larry Remhan, a graduate of the 
California State Polytechnic College 
with a BS degree, joined — hp- in 
1950. While at -hp-, Larry has been 
responsible for the design of the K- 
and R-band Waveguide Probe Car- 
nage (Model 814B), Slotted Line Sec- 
tions {815 Series), and Slide Screw 
Tuners (870 Series); also the X930 
Waveguide Shorting Switch, the 906A 
Sliding Coaxial Termination, and the 
new 424 Series Waveguide Crystal 
Detectors. He also contributed to the 
design of the cavities in the Models 
626A and 628A SHE Signal Genera - 
tors. 



ATOMIC TIME ADOPTED 
FOR WWVB 

The National Bureau of Standards 
has announced that the new interna- 
tional unit of time is now being broad 
cast by NBS Low Frequency Standard 
Broadcast Station. WWVB. The new 
time unit, the atomic second, was 
adopted by the 12th General Confer 
ence on Weights and Measures in Octo- 
ber 1964 and temporarily defined as the 
time interval spanned by 9 192 631 770 
cycles of the transition frequency be 
tween two hyperfine levels of the atom 
of Cesium 133 undisturbed by external 
fields. This standard replaces the ephe 
meris second, adopted in 1956. which 
was defined as 1/31 355 925-9747 of 
the time taken by the Earth to orbit the 
sun during the tropical year 1900. 

The new time unit js broadcast on 
WWVB as onceper second amplitude 
modulated time pulses repeated every 
60 kc of the carrier. Accordingly, the 
WWVB 60-kc/s carrier is now main- 
tained without offset and within a tol- 
erance of ±2 x 10 with respect to 
the U. 5. Frequency Standard, a cesium 
beam resonator 

Although WWVB no Eonger has the 
150 parts in 10 frequency offset that 
it had during 1964, NBS plans to peri 
odicalJy adjust the WWVB 1 second time 
pulses so that they are within approxi- 
mately 0J second of UT2, a time scale 
based on the earth's rotation. 

NBS stations WWV r WWVH, and 
WWVL will continue to be offset —150 
X 10 from the U, S, Frequency Stand* 
ard during 1965. as they were in 1964, 
and are thus in close agreement with 
UT2, 

TIME PHASE ADJUSTMENTS 
The master clocks at the NBS station 
were retarded 100 milNseconds (200 
milliseconds at WWVB) on 1 Jan 65 be 
caus? of changes in the speed of the 
earth's rotation. This adjustment is in 
accord with an international agreement 
that synchronizes within 1 millisecond 
the times of emissions of UT signals 
from the U. S. and other countries. 



• 8 • 
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